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Abstract 

Background: The global obesity epidemic has led to increased attention on pregnancy, a period when women are 
at risk of gaining excessive weight. Excessive gestational weight gain is associated with numerous complications, for 
both mother and child. Though the problem is widespread, few studies have examined the effect of a lifestyle 
intervention in pregnancy designed to limit maternal weight gain. The Fit for Delivery study will explore the 
effectiveness of nutritional counseling coupled with exercise classes compared with standard prenatal care. The 
aims of the study are to examine the effect of the intervention on maternal weight gain, newborn birth weight, 
glucose regulation, complications of pregnancy and delivery, and maternal weight retention up to 12 months 
postpartum. 

Methods/design: Fit for Delivery is a randomized controlled trial that will include 600 women expecting their first 
child. To be eligible, women must be 18 years of age or older, of less than 20 weeks gestational age, with a 
singleton pregnancy, and have a Body Mass Index (BMI) > 19 kg/m 2 . The women will be randomly allocated to 
either an intervention group or a control group. The control group will receive standard prenatal care. The 
intervention group will, in addition, receive nutritional counseling by phone, access to twice-weekly exercise 
sessions, and information on healthy eating and physical activity provided in pamphlets, evening meetings and an 
interactive website. Both groups will be monitored by weighing (including bioimpedance measurements of percent 
body fat), blood tests, self-report questionnaires and hospital record review. 

Discussion: Weight gained in pregnancy affects the health of both the mother and her unborn child, and simple 
models for efficient intervention are in high demand. The Fit for Delivery intervention provides concrete advice on 
limiting energy intake and practical training in increasing physical activity. This lifestyle intervention is simple, 
reproducible, and inexpensive. The design of the study reflects the realities of clinical practice, where patients are 
free to choose whether or not they respond to health initiatives. If we find measurable health benefits associated 
with the intervention, it may be an easily adopted supplement to routine prenatal care, in the prevention of 
obesity. 

Trial registration: ClinicalTrial.gov, NCT01001689 

Keywords: Pregnancy, Gestational weight gain, Nutrition, Exercise, Large for gestational age, Gestational diabetes, 
Weight retention, Randomized controlled trial 
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Background 

The health consequences of overweight and obesity have 
resulted in an increased interest in maternal weight gain 
during pregnancy. Several authorities, including the 
World Health Organization, have concluded that pre- 
ventive efforts among pregnant women are required to 
make a long-term effect on the obesity epidemic [1,2]. 
The American Institute of Medicine (IOM) first sug- 
gested guidelines for weight gain during pregnancy in 
1990, based on a woman's pre-pregnancy BMI [3]. Spe- 
cifically, it recommended that normal weight women 
(BMI 19.8-26 kg/m 2 ) gain 11.5-16 kg, underweight 
women (BMI < 19.8 kg/m 2 ) gain 12.5-18 kg, overweight 
women (BMI 26.1-29 kg/m 2 ) gain 7-11.5 kg, and obese 
women (BMI > 29 kg/m 2 ) gain at least 6.8 kg. Research 
suggests that weight gain at or below these recom- 
mendations is associated with an optimal delivery 
outcome for both mother and child [4,5]. These 
guidelines were modified in 2009, and the BMI ranges 
now correspond with WHO definitions of normal 
weight (18.5-24.9 kg/m 2 ), underweight (<18.5 kg/m 2 ) 
and overweight (25-29.9 kg/m 2 ), and the recommended 
weight gain for obese women is now 5-9 kg [6]. 

The effects of excessive gestational weight gain 

For the pregnant woman, excessive gestational weight 
gain is associated with an increased risk of complications 
during the prenatal period, such as gestational diabetes, 
gestational hypertension, and pre-eclampsia, a potentia- 
lly life-threatening combination of hypertension and 
increased renal excretion of protein [5]. At the time of 
delivery, maternal overweight is associated with an 
increased incidence of complications, such as operative 
vaginal delivery, shoulder dystocia, cesarean section, and 
postpartum hemorrhage [7]. Excessive weight gain du- 
ring pregnancy is also associated with an increased risk 
of weight retention after delivery [8]. In studies of obese 
women, as many as 73% describe pregnancy as an im- 
portant trigger for a significant (>10 kilo) increase in 
weight [9]. Excessive gestational weight gain may also be 
a risk factor for the development of disease later in life, 
such as diabetes, hypertension, and breast cancer [10]. 

Excessive gestational weight gain is clearly associated 
with an increased incidence of large for gestational age 
babies [4] and has been linked with an increased inci- 
dence of overweight in childhood [11]. The large for ges- 
tational age newborn is at increased risk of birth trauma, 
respiratory distress syndrome, hypoglycemia, hyperbili- 
rubinemia and admission to the neonatal intensive care 
unit, compared to newborns of appropriate weight [12]. 
Later in life, high birth weight is associated with an 
increased risk of overweight and obesity, along with dia- 
betes and certain forms of cancer [13,14]. 



The effect of maternal weight gain on pregnancy out- 
come and fetal growth is at least partly moderated by 
maternal glucose levels. Maternal energy intake has a 
direct effect on serum glucose, while exercise moderates 
serum glucose levels by increasing skeletal muscle glu- 
cose uptake and improving insulin sensitivity [15]. Ma- 
ternal plasma glucose levels have been shown to have a 
linear correlation with newborn birth weight [16] and 
the incidence of caesarean section [17]. Maternal gly- 
cemia has a direct correlation with fetal blood levels of 
insulin and c-peptide, which in turn regulate the growth 
of the fetus. Maternal dietary intake and physical activity 
level also have an influence on fetal levels of hormones 
such as leptin [18] and insulin-like growth hormone 
[19], the development of the fetal hypothalamus [20], the 
proportion of lean and fat body mass, and even gene ex- 
pression [21]-all of which will affect fetal growth and 
energy regulation later in life. 

The current literature on interventions to limit gestational 
weight gain 

Several recent review articles have summarized the 
current literature regarding interventions to limit weight 
gain in pregnancy [22-26]. Muktabhant et al. (2012) for 
the Cochrane collaboration [26] examined the results of 
a total of 27 randomized controlled trials, and divided 
interventions into those which recruited women from a 
general population and those that were designed for 
women in high risk groups. The interventions ranged 
from regular weighing to the use of appetite suppres- 
sants, with sample sizes of 20 to 327 participants. Only 9 
studies provided some element of both diet and exercise 
in their intervention. Of these, five [27-31] provided be- 
havioral counseling with recommendations for diet and 
exercise, one of them through an interactive computer 
program [30]. An additional three studies provided 
counseling on diet and exercise, but limited their popu- 
lation to overweight or obese women [32-34]. Of the 27 
reported studies, only that of Hui et al. (2006) [35] pro- 
vided an intervention consisting of both nutritional 
counseling and exercise groups. This was, however, a 
pilot study with only 45 participants. Hui et al. have 
since reported on the effects of the same intervention on 
a population of 190 women, and found a decreased 
prevalence of excessive gestational weight gain in the 
intervention group [36]. 

Postpartum weight retention was rarely reported in 
these interventional studies, but the Cochrane review 
found two studies with a combined intervention in a 
general population [28,29] both of which showed a 
significantly higher probability of returning to pre- 
gestational weight in the intervention arm of the study 
at 6 months postpartum. No studies reported on the ef- 
fect of the intervention at 12 months postpartum or 
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later. Three studies [27,29,31] reported on the effect of a 
combined intervention on the incidence of caesarean 
section, and all showed a trend toward decreased preva- 
lence but this was not large enough to be statistically 
significant. 

Four studies of lifestyle interventions performed in a 
high-risk population [29,31,33,34] and three performed 
on a general population [29,31,35] reported the inci- 
dence of high birth weight. Luoto et al. (2011) [33], who 
reported on the effect of diet and exercise counseling 
among women at risk for gestational diabetes, found a 
lower incidence of birth weight above the 90% percentile 
in the intervention group, but the result was not large 
enough to be significant in their group of 93 partici- 
pants. The Cochrane review concludes that there is no 
evidence to date that interventions in pregnancy result 
in a significant reduction in excessive gestational weight 
gain or in the incidence of high birth weight, and calls 
for high quality randomized controlled trials of adequate 
sample size to assess potential interventions for restric- 
ting maternal weight gain [26]. 

Another recent meta-analysis, by Thangaratinam et al. 
(2012) [25], included 34 studies that examined gesta- 
tional weight gain and divided interventions into three 
categories: diet, physical activity and mixed approach. 
Thangaratinam's group found that interventions based 
on exercise alone showed a small but statistically signifi- 
cant reduction in birth weight and maternal weight gain. 
Interventions based on diet alone resulted in a larger 
decrease in maternal weight gain and a statistically sig- 
nificant decrease in the incidence of gestational diabetes, 
pre-eclampsia, gestational hypertension and preterm de- 
livery compared with controls, but had no effect on birth 
weight. Mixed interventions showed a decrease in mater- 
nal weight gain compared with controls, but less than with 
diet alone, and no significant effect on pregnancy compli- 
cations or birth weight [25]. As in the Cochrane review, 
the lifestyle interventions analyzed by Thangaratinam's 
group consisted almost exclusively of counseling, with the 
exception of those reported by Hui et al. (2012) [36] and 
Vinter et al. (2011) [37]. 

Hui et al., (2012) [36] examined the effects of a life- 
style intervention with group exercise once a week and 
nutritional counseling in a population of 190 women in 
Canada, and found that fewer women in the intervention 
group exceeded IOM guidelines for weight gain, but 
found no effect on birth weight, the incidence of gesta- 
tional diabetes or the frequency of caesarean section. 
The "Lifestyle in Pregnancy" study, published by Vinter 
et al. (2011) [37], included 360 obese Danish women and 
provided physical training once a week and dietary gui- 
dance. Vinter et al. found significantly lower gestational 
weight gain in the intervention group, but no difference 
in the incidence of gestational diabetes or caesarean 



section. Surprisingly, there was a significant increase in 
birth weight in the intervention group compared to the 
control group, without an increased incidence of LGA 
babies. Neither of these studies followed participants 
postpartum. 

The Fit for Delivery study 

In contrast to previously published trials of interventions 
to limit gestational weight gain, the Fit for Delivery study 
combines access to twice-weekly supervised exercise 
sessions with counseling on nutrition and appropriate 
gestational weight gain, and is designed for a general 
population. The study is to include 600 participants, and 
is therefore larger than other interventions that have 
been published. The study is also unique in that it 
includes only nulliparous patients and follows all parti- 
cipants until 12 months after the completion of the in- 
tervention. The aim of the Fit for Delivery study is to 
examine if this mixed, lifestyle intervention results in a 
measurable decrease in maternal weight gain in preg- 
nancy, maternal weight retention postpartum, newborn 
birth weight and the incidence of large for gestational age 
newborns, maternal hyperglycemia, and the incidence of 
caesarean section and operative vaginal delivery. In this 
article we describe the protocol for our study. 

Methods 

Study design 

Fit for Delivery is a randomized controlled trial with par- 
ticipants allocated either to an arm which receives a life- 
style intervention in pregnancy or a control arm which 
receives standard care. All participants in the study will 
be monitored at the time of inclusion in the study, at 30 
and 36 weeks of gestation, at the time of delivery and at 
6 and 12 months postpartum. 

Setting 

Health care during pregnancy in Norway is free of 
charge, and almost 100% of women receive prenatal 
care. Most women alternate between visits with their 
general practitioner and with a midwife at a local clinic. 
Fit for Delivery is to be conducted in the cities and 
towns of southern Norway, with participants from both 
urban and rural settings. 

Participants 

All women expecting their first child and attending ante- 
natal clinics in the included districts will be asked to 
participate. Midwives at the local antenatal clinics will 
provide information about the trial and take the initial 
measurement of each participant. To be eligible, women 
must be 18 years or older, have a BMI of 19 or higher, 
have a singleton pregnancy of less than 20 gestational 
weeks, and be fluent in either Norwegian or English. 
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Exclusion criteria are pre-existing diabetes, physical dis- 
abilities which preclude participation in a physical fitness 
program (based on the recommendations of the Ameri- 
can College of Obstetricians and Gynecologists) [38], 
ongoing substance abuse, and planned relocation outside 
the study area before delivery. Those who choose to par- 
ticipate will be asked to read and sign a consent form, 
take blood tests and answer an initial questionnaire. The 
participants will not receive any compensation for par- 
ticipation in the trial, but all examinations and interven- 
tions will be free of charge. Women who choose not to 
participate in the trial will be asked to answer a short 
questionnaire (see description below), anonymously, to 
learn why they are not interested in participation. Partici- 
pating clinics will be asked to report each week how many 
women were enrolled in the trial, how many completed a 
non-participation questionnaire and how many declined 
participation without completing questionnaires. 

All participants will receive two additional prenatal 
care visits, including ultrasound examinations, in the 
third trimester. Blood pressure will be examined at each 
visit using an Omron electronic sphygmomanometer, 
HEM-7301 (www.omron.com) following a recommended 
protocol for pregnant women [39]. 

Intervention 

The Fit for Delivery lifestyle intervention is composed of 
nutrition and physical activity elements. 

1. Dietary counselling will consist of an initial telephone 
consultation with a doctor, clinical nutritionist or 
graduate student in public health. Counselling will be 
focused on ten recommendations, designed to assist in 
establishing good nutritional habits. Specific attention 
will be given to selected key behaviors: intake of fruits 
and vegetables, drinking water instead of drinks 
containing energy, regular meal patterns, and limiting 
consumption of snack foods and foods/drinks 
containing added sugar. The Fit for Delivery 
nutritional advice is based on recommendations from 
the Norwegian Directorate for Health [40], but is more 
specific and action-oriented. A complete discussion of 
the advice and its background is published elsewhere 
[41]. A follow-up consultation will take place 
4-6 weeks after the first consultation. Participants in 
the intervention group will receive a pamphlet 
containing the 10 specific dietary recommendations. 
They will also have password-protected access to an 
interactive internet site, with information on nutrition 
and physical activity during pregnancy. Participants in 
the intervention group will be invited to two evening 
meetings, one with additional information about the 
trial and one with a hands-on cooking class, focused 
on the Fit for Delivery recommendations. 



2. The physical activity component of the intervention 
is based on national [40] and international [38] 
guidelines and will consist of two exercise sessions 
each week, each lasting one hour. The groups will 
meet at local fitness centers, and attendance will be 
registered. All groups will have the same exercise 
plan. Exercise will be supervised either by 
physiotherapists or graduate students in sports 
science at the University of Agder. Each session will 
consist of 40 minutes of strength training and 
cardiovascular exercises of moderate intensity, 
measured using the Borg scale of perceived exertion 
[42] with 20 minutes of warm-up and stretching. 
Pelvic floor exercises will be performed during each 
session. In addition, all women in the intervention 
group will be encouraged to have at least one 
unsupervised exercise session each week, increasing 
to a total of 5 days each week of moderate physical 
activity lasting 30 minutes. Information about safe 
physical activity in pregnancy is provided in the 
pamphlet created for the trial and on the web site. 

Endpoints 

The Fit for Delivery study has several endpoints. 

1. Maternal weight gain and weight retention 
postpartum. 

2. Maternal body composition at 36 weeks of gestation 

3. Infant birth weight and the percent of newborns with 
birth weight above the 90 th percentile for gestational 
age. 

4. Maternal glucose levels and measurement of 
hormones related to glucose metabolism. 

5. Incidence of operative deliveries and delivery 
complications. 

Outcome measures 

1. Weight and height measurements 
Pre-pregnancy weight will be self-reported. Women 
will be weighed at their health care clinic at the time 
of enrollment in the study. All scales used in the 
project are class III with a 0.1 kg accuracy, calibrated 
at the initiation of the study. All participants will be 
weighed at Sorlandet Hospital at gestational weeks 30 
and 36, wearing light indoor clothing and without 
shoes or socks, using a Tanita bioimpedance scale 
which measures weight with an accuracy of 0.1 kg 
and percent body fat (www.tanita.com/en/bc-418). 
The assessor will be blinded as to the woman's group 
allocation. Height will be measured to the nearest 
centimetre (cm) at the 30 week assessment, using a 
Seca Leicester portable stadiometer with an accuracy 
of 0.1 cm. Weight at the time of delivery will be 
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measured by labor floor staff on arrival at the labor 
floor using a Seca weight with a 0.1 kg graduation. 
Labor floor midwives will not be otherwise engaged 
in the study, and will be blinded as to which arm of 
the study her patient belongs. 

The newborn will be weighed immediately following 
delivery on either a Seca or Solotop infant scale, each 
with 0.01 kg accuracy, and measured using a Seca 
pediatric measuring rod, with a 5 mm precision. 
Mother and child will be weighed at their local 
healthcare clinic using a class III scale, when the 
child has his/her 6 month and 12 month wellness 
examination. 

2. Blood tests 

Participants will be instructed to take a fasting blood 
sample at the office of their primary physician as 
soon as possible after agreeing to participate in the 
study, which will be analyzed at Sorlandet Hospital. 
Glucose will be measured, in addition to C-reactive 
protein, cholesterol, and triglycerides. At gestational 
week 30, a glucose tolerance test will be performed at 
Sorlandet Hospital, where serum glucose level will be 
measured fasting and 2 hours after intake of 75 
grams of glucose. A glucose level of 7.8 mmol/1 or 
higher at 2 hours will be defined as gestational 
diabetes. Positive results will be reported to the 
woman's primary physician, so that the patient can 
be appropriately treated. Serum samples will be 
collected from participants at inclusion and at 
gestational week 30, and from the umbilical cord of 
babies born to women in the study, and frozen for 
later analysis. 

3. Questionnaire 

All participants in the study will complete a 
questionnaire at the time of inclusion in the study 
(approximately week 14) [see Additional file 1], 
toward the end of pregnancy (week 36) [see 
Additional file 2], 6 months post-partum [see 
Additional file 3] and 12 months post-partum [see 
Additional file 4] . Women will be encouraged to 
answer the questionnaire electronically, with access 
from the Fit for Delivery web site, but a written 
version will also be available in both Norwegian and 
English. The questionnaires will include demographic 
variables, the short version of the International 
Physical Activity Questionnaire (IPAQ) [43] and a 
questionnaire specially designed to assess the key 
nutritional behaviors which are highlighted in Fit for 
Delivery [41]. At the time of inclusion, women will 
be asked to report on both current status and status 
before pregnancy. Subsequent questionnaires will 
only measure current status. 
The short version of the IPAQ measures physical 
activity and consists of 36 questions. It has been 



validated in a Swedish population (both genders), 
where the questionnaire showed acceptable criterion 
validity in Swedish adults [44] . The IPAQ has been 
modified for the purpose of our study, in order to be 
answered electronically. Additional questions have 
been added to identify motivating factors for 
participation and non-participation in physical 
activity. The nutritional questionnaire is created for 
the purpose of this study and consists of 82 
questions, with a food frequency section and a 
24 hour recall section. The questions are designed to 
test selected nutritional behaviors which are 
emphasized during the consultation sessions. The 
test-retest reliability of the questionnaire was 
evaluated and found to be acceptable in a study 
including 154 pregnant women who filled out the 
questionnaire two weeks apart [41]. Employment 
information and partner's weight will also be 
included. Post-partum questionnaires will contain 
questions about the duration and frequency of 
breast-feeding, as this may have an impact on post- 
partum weight retention. 

Women who decline to participate in the study will be 
asked to complete a short non-response questionnaire, 
which consists of age, height (self-reported), pre- 
pregnancy weight (self-reported), smoking history, 
education level and reason for non-participation. This 
questionnaire is written and anonymous. 
4. Hospital chart review 

Hospital records directly related to pregnancy and 
delivery will be reviewed. All documented pregnancy 
complications will be recorded. The duration of labor 
and mode of delivery will be documented, as well as 
APGAR scores and eventual delivery complications. 
All admissions to the neonatal care unit will also be 
recorded, along with diagnosis for admission. 
Women who choose to withdraw from the study will 
be asked if they will allow review of their hospital 
records, for the purpose of comparing "drop-outs" 
with women who remain in the study. Information 
regarding labor and delivery and newborn 
measurements will be recorded with their 
permission. 

Statistical analysis 

A p-value of < 0.05 will be considered statistically signifi- 
cant. Data from each patient will be analyzed according to 
the principle of "intention to treat." We will also analyze 
results based on the degree of attendance at exercise classes 
and other interventional elements. Comparisons between 
the endpoints and the two arms of the study will be per- 
formed using multivariate regression models; i.e. bivariate 
and multinominal logistic regressions, linear regression and 
repeated measures procedures. 
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Sample size 

We predicted a 20% prevalence of birth weight over 4 kg 
in the control group, based on 2005 statistics from the 
Norwegian birth registry, and claim that a reduction in 
prevalence of birth weight over 4 kg in the intervention 
group to 10% would be clinically significant. In order to 
demonstrate a statistical difference, we calculated that 
we would need 198 women in each arm of the study. 
Further, we expected a 10% prevalence of 2 hour glucose 
challenge test results >7.8 mmol/1 in the control group, 
based on the findings of the Norwegian STORK study 
[45]. We hope to achieve a reduction to 3% prevalence 
of glucose >7.8 mmol/1 in the intervention group, and 
maintain that this would be a clinically significant re- 
duction. Using an alpha of 0.05 and a power of 80%, 
we calculated that we would need 200 women in each 
arm of the study in order to demonstrate a statistical 
difference. 

We wish to examine subgroups within our participant 
population, specifically women with BMI >25 and women 
who report low levels of physical activity on their first 
questionnaire. We expect that our study will have a drop- 
out rate of approximately 25%. To compensate for these 
factors, we plan to recruit 300 women in each arm, in total 
600 women. 



Randomization 

To ensure that participants are sufficiently motivated to 
complete the study, they are asked to provide blood 
samples and answer questionnaires before enrolment, 
after giving informed consent. A study nurse will con- 
firm that there is a signed consent form, blood test and 
completed questionnaire, and will then randomize the 
participant. The nurse will not check the results of either 
the blood test or questionnaire before randomization. A 
physician will check that the fasting glucose level does 
not indicate diabetes, which would exclude the woman 
from enrolment in the trial. The women will be indi- 
vidually randomly assigned to either the control or inter- 
vention group, based on a computer-generated list with 
groups of 20. Women will be randomized consecutively, 
based on the time of completion of all three elements 
needed for participation. The staff involved with providing 
and assessing the intervention will have no influence on 
the randomization procedure. 

Ethical considerations 

Nutritional information and physical activity programs 
provided in Fit for Delivery follow national and inter- 
national recommendations for safety in pregnancy. The 
study has been approved by the Norwegian Regional Com- 
mittee for Medical Research Ethics South-East C (REK 



reference 2009/429). This is an independent committee, 
appointed by the Norwegian Ministry of Education, IRB 
00001870. The study will be performed in accordance with 
the Helsinki Declaration, and all participation will be based 
on informed, written consent. At the completion of the 
trial, all participants in the control arm of the study will be 
sent the written information that was provided to the 
intervention arm during pregnancy. 

Discussion 

There is evidence in the medical literature that excessive 
gestational weight gain is associated with a higher inci- 
dence of pregnancy and delivery complications, also for 
the woman of normal pre-pregnancy weight [5]. For 
women who begin pregnancy with overweight or obesity, 
the risks associated with excessive weight gain during 
gestation may be even greater [46]. Norway is a country 
with nationalized health care, where almost 100% of 
pregnant women receive prenatal care. Information 
about nutrition and physical activity is a part of routine 
pregnancy care provided by midwives. Nonetheless, 
there is good evidence that Norwegian women are less 
physically active in pregnancy than is recommended and 
that they gain more weight than recommended during 
pregnancy [47], not unlike their counterparts in Great 
Britain [48] and the United States [49]. The rates of 
overweight and obesity among young Norwegian women 
are also comparable to those of other developed coun- 
tries. Population studies performed in the Trondelag area 
of Norway (HUNT) in 2006-2008 show that 24% of wo- 
men over the age of 20 are now obese, and an additional 
37% are classified as overweight [50] . This is not unlike the 
results of the 2007-2008 National Health and Nutrition 
Examination Survey (NHANES) from the United States, 
where the corresponding figures were 35% and 29% [51]. 

Several authors have expressed the need for prospec- 
tive, randomized studies to examine the effects of in- 
terventions to limit maternal weight gain in pregnancy 
[26,52]. Our hypothesis is that a lifestyle intervention in 
pregnancy will result in significant, measurable changes 
in maternal weight gain, newborn birth weight, glucose 
levels, and maternal weight retention the first year post- 
partum. We have here detailed the protocol for our ran- 
domized, controlled trial to test this hypothesis. There 
are several reports published to date of interventions 
designed to limit weight gain in pregnancy [25,26], but 
few studies have combined supervised group exercise 
sessions with clear nutritional guidelines. Thangaratinam 
et al. reported inferior results with mixed, lifestyle inter- 
ventions compared to interventions composed of diet 
alone. They speculate that the inferior results of mixed 
interventions may be because a combined program 
results in less vigorous delivery of the components of 
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the intervention, and also that it may be easier to com- 
ply with a dietary intervention alone [25]. Another ele- 
ment to consider is that almost all mixed interventions 
reported in their meta-analysis consisted of counseling 
alone. Other studies have found that compliance and en- 
ergy expenditure are higher with group training sessions 
than with individual unsupervised physical activity in 
middle-aged women [53] and that exercise groups are 
associated with a greater improvement in glycemic 
control for diabetic patient than exercise advice [54]. A 
mixed intervention which includes supervised, group 
training may therefore be more effective in regulating 
weight gain and glucose levels than mixed interventions 
consisting of counseling alone. 

The Fit for Delivery intervention combines exercise 
classes with nutritional counseling, and is designed for 
both normal-weight and overweight pregnant women. 
By including a general population, there is no stigma 
involved with participation. The intervention is also 
designed so that both women who have previously been 
sedentary and those with an active lifestyle will be able 
to perform the exercises and follow the nutritional ad- 
vice, albeit at different levels. By recruiting all first-time 
mothers at local health care clinics, we hope to include a 
broad and diverse population that will reflect a standard 
population of pregnant women. Results are primarily to 
be analyzed by the principle of "intention to treat", so 
that we will measure the effect of providing this extra 
treatment in pregnancy, with varying compliance. This 
reflects the realities of health care, where patients are 
free to decide if they wish to partake of the treatments 
which are available to them. We have emphasized a sim- 
ple and inexpensive design for the Fit for Delivery inter- 
vention that can easily be adopted by health authorities 
should it be proven effective. 

Pregnancy is a unique opportunity to affect the health 
of both mother and child. Other authors have described 
pregnancy as a "teachable moment": women have a new 
awareness of their body and the responsibility of a new 
life, and are therefore more responsive to healthcare in- 
formation than at other times [55]. The WHO has listed 
both pregnancy and the prenatal period as key moments 
for lifetime risk of obesity [2]. By preventing excessive 
weight gain during pregnancy, there will be less risk of 
the mother developing obesity later in life. Perhaps more 
important, a lifestyle change during pregnancy has the 
potential to affect the health of the newborn at the ear- 
liest possible stage— while still in the uterus. By teaching 
women new habits, the intervention will also influence 
the environment the child will enter after birth. Should 
our Fit for Delivery intervention demonstrate mea- 
surable health benefits for mother and child, it may 
be of use in the important goal of curbing the obesity 
epidemic. 
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